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THE REDUCTIONIN DRAG 07?A FORWARD-SLOPINGWINDSHIELD

. . -.

By Eastman N. Jacobs

SUMMARY - - -- --

This paper gives results of a short investigationof
the drag of a forward-slopingclosed-cabinwindshield.
Tne drag of the windshi~ldin both the originala“n~.tifinal
modifiedform was determinedfrom tests in “thetiariable-
densitywind tunnel. The final form of the windshield
was arrived at by modifyingthe originalas the result of
flow observationsin the N.LL.C.A..smoke tunnel. I!”he‘&-
vestigationwas made prinarilyto study the utility of
the N.A.C.A. smoke tunnel as applied to the ~ro%lem of re-
ducing the drag of obj6cts for which the full dynamic
scalo could not be approachedin the smoke tunr-ol,but de-
signersshould find the results of the flow observations
and drag measuromont.sof VCLIUObecause they show that most
of the large drag added by the originalwindshieldis elim~
i.natedby the modificationof the windshieldto tho final
form.
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INTRODUCTION

The windshieldof the modern high-speedtransportair-
pI.aneaRpaars in many Instancesto be conspicuouslylack-
ing in aerodynamicief~uemen%, A shoijtinvestigationof
such a windshieldwas therefore.Gonsidereddesirable The
investigationconsistedof drag tests in the varial)lii~ ~
density tunnel of a given type of windshieldand”of a“tiod~ -..

ified form of the windshieldarrived at as a re~u~t of a52-
flow observationsmade with nodel windshieldsin_theN.A,C..A.
smoke tunnt31.Thus, the inv~stigationalso Qornftt6~a
study of the utility of smoke-tuznelflow obsor+atfoii~as—u--
apyliod to a practicalengineorineproblem! . _,=.

)

Various pieces of apparatuspreviolzslydesignedfor
air-flow‘observationshave per~it”te~FesKs t~o%q rna?te“–——

only at very low values of the ReynoldsXv.rnber,“mosto-f -
the tunnelsbeing,of the order of 1 to 3-iuches in diaa-’-”-
eter, The NationalAdvisory Committeefor Aeronautics,
in order to allow the direct observationof air flows at
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larger values of the ReynqldsNumber and to permit greater
ease of constructionof-the models,has designedand con-
structeda smoke-flowtunnelhaving a throat2 feet in di-
ameter,::T~edynamlcscale.attainablewith this equipment
is still rather low, the vblocitybeing limitedto titout
10 feet per second. However$by using enlargedreplicas,
full-scaleReynoldsNumbers may ho reachedfor small ob-
jocts such as round and streamlinewires. For most of the
flows in which the aeronauticalengineeris interested,
however, full-scalevalues of the ReynoldsNumber cannot
be approached.

.,,,.: ,“..?:.....”,’“.:::.‘‘... :... :-.....-..-..-..........-.:--:—-
~h$le the,:tes$swith which this rqort d’oql.s.;~prQi~ad,~

pri,~rily,to study the utility”of tho 2?.A,C.A.SIPOICOtu~-”
nol.qs;qpplie.dto tho.pro%lomof rod~c’~~gth~”d..~a~of an”
objo’cfiat..a.largo val~e of th~ dynamio scale, the.v81uQ~lo
rosmltswore o%tainedfrom,tho drag moakurom”o}l~”-s--q.ado@ .
the,,variable-densit~.tiin~”~~uimol. ,“ . .

,, ,..,,
., ...

,.. ,, ,,.
“.“TESTS

,.......
:,. . ,-
.,, ..~. .:, :..’.

. .
,...T,h6”~indshiold~o”~erwhich the flow wa:,”,g’t’udied.~b the’

~.A*,C.A,;~~oketunnelwasforrnedof Pla@~3ci+.o~onan”~x- .
ist,ing”.,mo,delfus”olqg~.used in con;loctiog.svithsome .otZLQr.. . .
tests made in th-b‘~mokti”‘tunnel. The“fox%of—t”tiewindshlold
was made to sinulateroughly the forward-slopingV-type
used on the Boeing 24’7transportairplaile.After the flow
had been observedin the stiokotuzmol, the windshieldwas
altered in variousways aildtho flow obsorvodaftor each
.~terat$.on,.ifivestigatingthe effectsof .mo.difyingthe
windshield,,slope,~-heshape of the roof over.t,hd.wind-,,.
shield,the plan form, aild the ~tld$tio~,of.~@idE .yanQ_S.c&$.
the o~ter edges of the”;win.dshield.AS a result of theso
observationsa form of windshieldwas,.devel.opod;thtit.,x.tll
be referredto as the final form. . “ ..
,,.,

The tests witthwhich this report is pr.i~ctpallycort-,.,.
‘cernedwere then made in the variahl?-dbns.itywind “tunnel
at a:valuo of the R.oynolds.Xubpr of ap.pT.@;{im.it-6iy.3,00~,000
(basedon airfotlchord - ~e.ef:ig..2”] of.a ~.de.lwith the ~
originaland final forms of windshield, The “windshields
were built .ofplastsr of pqr~s,.on-amexistingalum.in~tkl-
10X airfoil.,an”d.fusblagecotibi~tit.f.oa~rs’v,iouq}y:eqjlo~ed
in connOc$ionwit’:1int:br<erenceinti”est”:i~ationw. ...~
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. The flow “ohse“tived,over~-t~e”,.or”~g~q”al.w~n~sh-iel”d~%”r~~
is’‘shownschematicallyin fzgure..z. 3e~p–arati9K occ&Fr-e_~~
on the top of.the win~,shiel$.as ~nd~ca.ted,-+particularly
at ,secti’onbto either,side of the .cente-r,Itnti.- I-hr–e”tivo’r=
“%’ice&were ob~erv6dto form ‘fo$w.arcfof t~e wlildsh~til~as
-indicato& , These vortic’esworp .cont~nuoui~ streamed. ~
ba~k along the windsht.old an~ in plan .viewY,.Left t%o-“fu&-a=
lage surfac~””atthe outside edge of-the“windshield,pro-
d~cipg,,a.k~ndof separation- , : .-..j: ‘. ; -: .~:.,,.. -. -. ,,.
.,. The‘subeeq-uen-t.alterations of th;”w-in-dshz.el~,were made

—.—

With a v-fewto improvingi~~ flow co”a~i~”io-n-s“a~out.i-i-~-z~-
out departingtoo much from the practicalform. It was
particularlydesired.to retain the forward-slopingform as
this fcrm was conai~e~edvery,desirable.~,it~respect~~.,,.:.~
vision. EQwever, i’twas consideredthat.th.e.zoof.fqrm%%

--..—

hind the windshieldco,uldbe,raodif~ed.,‘~hr~,.sharpccrners
at the junctures‘of{he forwardwindshieldpanels and ‘roof
portion were thereforeeliminated.by buildingup the roof
portion sufficientlyto permit til~roundingcff of those
corners● This changemight %e accomplishedin practice
by means cf a formed celluloidroof portion.

Several forms cf guide vanes, or auxiliaryairfoils,
were introducedat the windshieldedges where a break oc-
curs in the plan view in a+ attempt to control the vortices
that passed cff at theso pcints. Such devices,aside from
the fact that they appeared rather ineffectivewith rospec”~
to their action on the vortices,were consideredobjection-
able and in practicewould have to he constructedof glass
in order net to interferewith the field of view. Instead
cf using such devices,the final form was re~ohed %y alter-
ing the plan-form shape. Two additionalflat windshield
sectionswere introducedto reduce the abruptnessof the
break at the sides of the windshield. As a result of tho
modifications,the flow over the top“wasfairly satisfac-
tory and the flow at the sides was definitelyimproved.
The vortices forming in front of the windshieldworo, of
course, still present.

The originaland final windshieldforms are indicated
in figures 2 and 3 from photographsof models employedfor
the tests in the variabl~density wind tunnel- The roqults
of these tests at a ReynoldsNumber of approximately
3,000,000are shown in figure 4. A study of the polar

..——
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curves drawn on tho figure will show that the unaltered
windshieldadds more drag to the combinationthan tho ea-
tire fair fuselage,and also that most of the added drag
is oli.minated%y the modificationof the windshieldto
the final forma It appears thoroforofrom these result~
that–-theN.A.C,A..smoke tunnel r.~~,in souo instances,
be used as an aid in developi~glow-dragshapes, oven
though the full-scaleReynoldsNum”borcannotbo approached,
The drag saving as a resu~t of the modificationmay be rop-
rosentudas a drag coefficientof 000020 or a drag of the
order of 8 percent of that of a clean airphzae~

The differencesbetween the aerodynamiccharacteris-
tics of these windshieldsis so marked that an extonsivs
investigationof t-hedrag of windshieldsappears to be de-
sirable.

Langley MemorialAeronauticalLaboratory,
NationalAdvisory Committ~-efor Aeronautics,

LangleyYield, Vs., l~omiiber15, 1933.
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. . Figs.1,4

.

Iiqurel.-Sketchofflowaboutoriginalwindshield.
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Dragcoefficient,CD

Tigure4.-Polarcarvesshowingeffectsofwindshields.
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Figure 3.-PIW. tidahl.eldform
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